W La Revue canadienne de psychiatrie, vol 52, no 11, novembre 2007 702
Much of the research on episodic memory in schizophrenia spectrum disorders has focused on memory deficits and how they relate to clinical measures such as outcome. Memory bias refers to the modulatory influence that state or trait psychopathology may exert on memory performance for specific categories of stimuli, often emotional in nature. For example, subjects suffering from depression frequently have better memory for negative stimuli than for neutral or positive ones. This dimension of memory function has received only scant attention in schizophrenia research but could provide fresh new insights into the relation between symptoms and neurocognition.
This paper reviews the studies that have explored memory biases in individuals with schizophrenia. With respect to positive symptoms, we examine studies that have explored the link between persecutory delusions and memory bias for threatening information and between psychosis and a memory bias toward external source memory. Although relatively few studies have examined negative symptoms, we also review preliminary evidence indicating that flat affect and anhedonia may lead to some specific emotional memory biases. Finally, we present recent findings from our group delineating the relation between emotional valence for faces and memory bias toward novelty and familiarity, both in schizophrenia patients and in healthy control subjects.
A better understanding of the biasing effects of psychopathology on memory in schizophrenia (but also on other cognitive functions, such as attention, attribution, and so forth) may provide a stronger association between positive and negative symptoms and memory function. Memory measures sensitive to such biases may turn out to be stronger predictors of clinical and functional outcome. Information on funding and support and author affiliations appears at the end of the article.
Clinical Implications
· The exploration of memory biases in schizophrenia can ultimately provide a better understanding of the relation between cognition and psychopathological symptoms. · Such measures could potentially represent better predictors of clinical and functional outcomes. · Characterizing memory performance in schizophrenia only in terms of deficits or impairments may not provide a full account of memory functions in individuals with schizophrenia.
Limitations
· Few studies to date have explored memory biases in schizophrenia. As such, there is a great need for more reports on this topic. · No studies so far have systematically explored the relation between measures of memory bias and measures of clinical or functional outcome. · We know little about the effects of fluctuating symptoms on memory biases because most studies have examined individuals with schizophrenia who were quite stable.
A lthough memory problems in schizophrenia patients have been repeatedly reported and well-characterized, as many review papers and the companion paper by Danion and collaborators suggest, [1] [2] [3] one aspect of memory function that has only received scant attention is the exploration of memory biases in schizophrenia. Considering that the study of memory can offer unique insights into the representation and organization of information in the brain, the exploration of memory biases may provide fresh new insights into memory problems in schizophrenia sufferers. Additionally, an exploration of memory biases has the potential to increase our understanding of the interplay between positive and negative symptoms of schizophrenia and observed behavioural biases. Finally, with increased acknowledgement of the importance of emotional dysfunctions in psychosis, 6, 7 memory biases could well affect our understanding of emotional memory function.
Memory Bias and Psychopathology
Broadly defined, cognitive bias refers to a systematic and preferential orientation toward processing (that is, attending to, remembering, or thinking about) some kinds of information as opposed to others. Memory biases may either enhance or inhibit the recall of memory, or they may alter the content of what is reported from memory. For instance, individuals who are currently suffering from an episode of major depression often have better memory for information of negative valence, compared with that of neutral or positive valence. [8] [9] [10] [11] This kind of bias, also known as the mood-congruent effect, has been observed in multiple studies and reflects an effect of the self providing a subjective organizational scheme to episodic memory. 12 As such, it follows that other psychopathological conditions could also lead to different cognitive and memory biases. For example, individuals with anxiety disorder tend to have better memory for threat-related information, compared with healthy control subjects. [13] [14] [15] [16] [17] [18] [19] Those with social phobia remember negative facial expressions better than do control subjects, 20, 21 and compulsive washers show better memory for contaminated objects than for clean ones. 22 Because patients with abnormal cognitive biases can process some kinds of information perfectly well (for example, negative information in the case of patients suffering from depression), biases must be distinguished from more general cognitive deficits.
In schizophrenia, the exploration of the biasing effects of psychotic symptoms on cognitive processing has been championed by Richard Bentall and collaborators. 23, 24 Several studies from this group have explored cognitive biases in individuals presenting with persecutory delusions. We suggest that, in addition to delusions being amenable to the exploration of memory biases, negative symptoms observed in schizophrenia, notably flat affect and anhedonia, can lead to similar biasing effects. In the next sections, we review evidence for a biasing effect of positive and negative symptoms on memory in schizophrenia. First, we examine the evidence linking persecutory delusions to enhanced memory for threatening information. We then review the extensive literature on source memory and symptoms associated with psychosis and suggest that a bias toward external source memory characterizes individuals with such symptoms. Next, we evaluate evidence for the effects of 2 negative symptoms, namely, flat affect and anhedonia, on memory performance. Finally, we describe the results of a recent functional neuroimaging study investigating memory for emotional faces and how specific emotions may lead participants to adopt a response bias during recognition memory; we also observed a similar response bias in schizophrenia patients.
Persecutory Delusions and Memory Bias for Threatening Information
Bentall and collaborators 24 have explored memory bias for threatening information in individuals with persecutory delusions. In a preliminary study, Kaney et al 25 compared free recall of stories containing threatening and nonthreatening themes by patients exhibiting persecutory delusions and by healthy control subjects. The authors observed no significant group differences in the recall of stories with threatening, as opposed to nonthreatening, information as a whole. They did, however, report a tendency in those with persecutory delusions to recall more of the specifically threatening propositions. On the basis of these preliminary findings, a subsequent study 26 explored memory recall for emotional words that were either neutral (for example, wheel, ran, or penny), threat-related (for example, spy, hate, or suspicion), or depression-related (for example, sadly, defeat, or cry). This study also included a group of patients with depression as well as the group of patients with delusions and the group of healthy control subjects. The group with persecutory delusions had, overall, lower memory performance than the healthy control group. However, their recall of threat-related words was significantly higher than that of patients with depression or healthy subjects. This study clearly shows a memory bias toward threat-related words and suggests that the presence of persecutory delusions is associated with a greater tendency to preferentially process threatening information.
A recent study by Taylor and John 27 explored attentional and memory bias in small samples of subjects suffering from persecutory delusions or major depression. One innovative feature of this study was the use of personally salient emotionally negative and positive stimuli. In addition, both the explicit (conscious free recall) and implicit (word completion) retrieval of information from memory were examined. For example, one patient's suffering from persecutory delusions and, more specifically, the belief that local heroin dealers were tracking the patient's movements led to the use of the words drugs, heroin, and dealer. The same approach was used for the positive valence stimuli. Results indicated that patients with persecutory delusions retrieved significantly more threat-related words than neutral words on the implicit task. There was also a similar trend for the explicit free-recall task, but it did not reach significance. This study, although limited by the small sample size (n = 12) and by the absence of a healthy comparison group, is nonetheless interesting because it highlights the possibility that such dysfunctional beliefs may modulate performance on both explicit and implicit memory measures.
Psychosis and Source Memory Bias
Source memory consists of the flexible cognitive processes involved in determining the origin of our memories. 28, 29 To identify memory origins, characteristics such as perceptual details, appropriateness, and cognitive operations associated with experiences at the time of encoding are retrieved and weighted to the decision criteria being used at the particular moment. Provided that sufficient information is retrieved, the experience is attributed to its particular source and qualified as a memory of a past episodic event (and not, for example, as an imagined thought). This formulation of source memory tasks provides a way of investigating the access and evaluation processes necessary for episodic memory retrieval.
Several investigators suggest that internal experiences such as auditory hallucinations might arise from the failure to discriminate internally generated speech from speech originating in the external world. [31] [32] [33] This model has been extended to patients suffering from delusions, to the extent that many of the delusions they experience (such as thought withdrawal or somatic delusions) are internally generated (for example, subjective feeling of losing pace with thoughts or somatic feelings) but externally attributed to an agent or cause (for example, an alien force or a body change). 34, 35 It can then be hypothesized that individuals with psychotic experiences, despite the heterogeneity of their clinical profiles, share cognitive processes that lead to a tendency to systematically misattribute particular events to an external source.
Several paradigms have been used to test this model. A typical one consists of a memory test, in which words to be remembered are either generated by the subject or presented by an experimenter. Memory is first tested by a simple yes-no recognition task that includes the studied items along with new, never-seen-before items. This allows experimenters to evaluate item memory, that is, memory for the previous occurrence of an item. For all items categorized as old, a second memory decision about the source of this item (for example, self-generated as opposed to externally presented) is subsequently required. The advantage of this approach is the possibility of testing the hypothesis that subjects suffering from psychosis have a source memory deficit restricted to self-generated items as well as a bias toward systematically attributing these self-generated items to an external source.
Experimental studies largely support this model. For instance, Bentall et al 33 showed that individuals with hallucinations have reduced source memory for self-generated words and misattribute these self-generated items to the experimenter. Importantly, many subsequent studies replicated this result in the overall schizophrenia population. [36] [37] [38] [39] [40] [41] [42] Moreover, one study extended the results of Bentall et al, showing that the source memory deficit for self-generated items and the bias to attribute items to an external source were quite stable in a restricted sample of patients tested over a 2-year period, which suggests that they represent a cognitive trait for psychosis proneness. 39 Other studies, however, did not find any significant relation between scores on delusion scales and source misattributions. 3 7 , 4 3 Rather, exacerbation of these misattributions in the presence of psychosis were observed when subjects with delusions, hallucinations, or positive thought disorder were combined and compared with other schizophrenia patients having no or milder manifestations of these symptoms. 40, 41, [44] [45] [46] [47] [48] Similar biases were shown in healthy subjects with hallucination proneness. 42, 49 The data to date do not clearly provide a mechanistic explanation for the source memory bias observed in subjects with psychosis. On the one hand, these observations could reflect the fact that these individuals do not benefit from the use of self-generated information. 48 This underused information could, in turn, be due to a lack of proper access to the traces of cognitive operations, such as reasoning, inferring, and imaging, that are usually generated by the search for internal cues. Conversely, these findings could also be explained by an overreliance on external cues that leads subjects to make more external source memory attributions. Support for this view comes from paradigms testing source memory by using stimuli, such as words from different lists, where schizophrenia patients typically show greater deficits. According to this view, the attenuated deficit observed when actual objects are used represents a tendency in subjects with psychosis to enrich their retrieved memories with sensory descriptions and details 50 and to overrely on cues that promote feelings of familiarity. This issue is further complicated by the fact that the most accepted model of source memory 30 offers potential support for both accounts. This memory model posits that memories from an external source are characterized by richer sensory attributes and greater details than memories from an internal source. In contrast, memories from internal sources are generally accompanied by the traces of the cognitive operations. Thus, when in doubt, healthy subjects will tend to make a source judgment following the lines of the respective characteristics of these memories: they will tend to judge a memory rich in sensory details and complexities as an externally generated memory and a memory rich in traces of cognitive operations as an internally generated memory. 30 Finally, it is quite possible that other metacognitive biases, such as the hindsight bias or the jumping-to-the-conclusion bias, which have been observed in delusional patients, 51, 52 could interact with these source monitoring processes and prompt patients to precipitate their retrieval judgment.
Flat Affect and Memory
Flat affect (or blunted affect) is one of the main negative symptoms associated with schizophrenia. 53 Affective flattening has been defined by Andreasen 54 as an amalgam of several factors, classified in the following order of significance: paucity of expressive gestures, unchanging facial expression, lack of vocal inflection, decreased spontaneous movements, poor eye contact, affective nonresponsivity, slowed speech, and increased latency of response. Interestingly, some studies suggest that this negative symptom is present even before the onset of psychosis. 55, 56 Not surprisingly, when compared with healthy subjects, patients with flat affect show less outward expression of emotion in several contexts, such as when they are asked to imitate a facial expression, 57 during social interactions, [57] [58] [59] and while watching emotional movies. 57, [60] [61] [62] In addition, robust dysfunctions in the perception and recognition of emotional faces have been observed in these patients. 53, [63] [64] [65] [66] [67] Interestingly, performance in these facial-emotion perception tasks has also been shown to correlate with both episodic face-memory performance [68] [69] [70] and working memory. 71 In contrast, although the perception and expression of emotion may be noticeably impaired in individuals with schizophrenia, their actual experience of emotions can be normal or even increased, compared with healthy control subjects. 58, 60, 62, 72 Although numerous studies have investigated the perception, expression, and experience of emotion in schizophrenia patients with blunted affect, little is known about the relation between this negative symptom and memory, another cognitive process critical both for neutral and emotionally valenced stimuli. This question was addressed by Sachs and colleagues, 69 who observed a significant negative correlation between both immediate and delayed face memory and the severity of certain negative symptoms, including blunted affect. However, they did not systematically examine the unique contribution of each specific symptom, particularly flat affect, to this behavioural pattern. A subsequent study from Gur's group 53 addressed this limitation, testing a large group of patients with flat affect on various emotional processing tasks and neurocognitive measures. They found that patients and control subjects did not differ in their respective cognitive profiles, with the exception of verbal memory, where a significantly poorer performance was observed for patients characterized by a high level of flat affect.
Lastly, and closer to the notion of memory bias, the influence of emotion on memory has also been investigated in these patients. In a study conducted by Mathews et al, 73 participants were asked to perform valence and arousal ratings on verbal stimuli categorized a priori as neutral, positive low and high arousal, and negative low and high arousal. This session was followed by free recall and recognition tests. To assess the association between flat affect and memory performance, they computed correlations between this symptom and, first, the number of words recalled or correctly recognized for the neutral condition and, second, the change in the number of words recalled or in the percentage of target words correctly identified during recognition for each emotional condition, compared with the neutral condition. Notably, no significant correlations were observed between blunted affect and either free recall or recognition performance for neutral words. In contrast, blunted affect was negatively associated with the difference in memory performance between the emotional and neutral words, regardless of valence or arousal. In other words, patients with blunted affect did not present the usual enhancement of memory for emotional material. Importantly, this lack of emotion-induced memory enhancement was not due to a deficit in the perception of emotion because the severity of blunted affect was not significantly associated with valence and arousal ratings of the words during the encoding phase.
Anhedonia and Memory
There is some evidence to indicate that schizophrenia patients with high anhedonia demonstrate an "anhedonic" bias in their recall of emotionally valenced words. In contrast to the superior recall for positive as opposed to negative words (the so-called "Pollyanna effect") typically found in individuals with low anhedonia, patients with high anhedonia generally show poorer recall performance for positive than for negative words. 74, 75 The few studies that have examined the effect of anhedonia on episodic memory have obtained equivocal results thus far. For instance, in schizophrenia patients, Koh et al 75 explored the impact of anhedonia on memory for affectively laden stimuli. In a first experiment, subjects were required to repeatedly sort a list of words, each in terms of pleasantness, until a consistent sorting was achieved. Then, they were unexpectedly asked to recall the list. Total recall for schizophrenia patients was comparable to that of normal subjects; however, whereas normal subjects recalled significantly more pleasant than unpleasant words, such differential recall was absent in schizophrenia patients with anhedonia. In the second experiment, subjects were asked to encode photographs of faces in the context of favourable-unfavourable personality traits, and their recognition memory for these faces was subsequently tested. Despite comparable overall performance, normal subjects recognized significantly more favourably than unfavourably encoded faces, and this asymmetry in recognition performance was absent in patients with schizophrenia. These results suggest that anhedonia reduces the facilitative effect of emotionally pleasant information on memory performance-in other words, it abolishes the Pollyanna effect.
In contrast to the previous studies, a recent study failed to demonstrate a significant effect of anhedonia on episodic memory. 76 Mathews et al assessed nonclinical subjects with an incidental encoding task that required participants to rate emotional words on both valence and arousal dimensions. Then, surprise recall and recognition tasks were administered to all participants. The results indicated that higher levels of physical and social anhedonia were associated with attenuated valence ratings for emotional words but did not influence the memory pattern for emotional information. Mathews et al proposed that individuals with higher levels of anhedonia might thus show normal effects of emotion on memory because their ability to experience or evaluate arousal properties of word stimuli was intact, despite their reduced capacity to evaluate valence components. This study specifically focused on trait anhedonia in nonclinical subjects by testing a large group of college students. Consequently, as acknowledged by the authors, the recruited subjects showed somewhat restricted ranges of anhedonia. Thus it is possible that the lack of highly anhedonic individuals in their subject sample significantly dampened any potential effects of anhedonia on the recall and recognition of emotional stimuli. It appears imperative that future studies focusing on the effect of trait anhedonia severity on episodic memory recruit subjects in a community setting where there may be more variability in functioning on emotional processing measures. A wider range of anhedonia severity may also be obtained by assessing clinical populations, such as patients suffering from schizophrenia. The direct comparison of high-anhedonia with low-anhedonia schizophrenia patients may be a useful complementary step in the investigation of the potential interaction between anhedonia and memory performance.
Finally, one theory suggests that self-report anhedonia could reflect memory impairments for subjectively experienced positive emotions. 77 This idea is based on paradoxical findings showing that individuals with schizophrenia have often reported high levels of anhedonia on self-report questionnaires but have also repeatedly reported experiencing levels of pleasant emotions similar to those in nonpatients in laboratory studies using emotionally evocative stimuli. 72 Deficits in the encoding and (or) retention of emotional information might lead subjects with self-reported anhedonia to recall pleasurable experiences as being less pleasurable than when previously experienced. As highlighted by Horan et al, 77 such a deficit could have important consequences: if they are unable to recall such experiences as rewarding, one would expect subjects with self-reported anhedonia to be less likely to seek out putatively pleasurable activities and more prone to inactivity or withdrawal. Although this hypothesis is plausible, recent empirical data showed no selective encoding and (or) recall deficits for pleasant emotional experiences in schizophrenia patients. In Horan and colleagues's paradigm, 30 schizophrenia outpatients and 31 nonpatient control participants rated their emotional responses to pleasant and neutral foods and film clips and completed a surprise recall task for their emotions after a 4-hour delay. Despite reporting elevated trait anhedonia, patients did not significantly differ from control participants in either the immediate pleasant emotional response to the stimuli or in delayed recall for these experiences.
In general, there remains a need for a better understanding of both memory biases and deficits associated with anhedonia. The investigation of emotional memory biases may lead to the development of a unique model to observe the impact of specific conditions or symptoms on information processing. Further, the evaluation of the memory biases associated with anhedonia, through the use of several well-adapted emotional memory tasks, may help to target information-processing alterations that could be specific to some subgroups of schizophrenia patients or specific to nonclinical individuals with anhedonia who are more vulnerable to the development of schizophrenia spectrum disorders.
Response Bias During Recognition Memory for Emotional Faces
In addition to the well-established enhancement of memory accuracy for emotional stimuli, [78] [79] [80] [81] particularly those with negative value, [82] [83] [84] there is also evidence to support the idea that emotion can influence other aspects of memory. For example, some authors have found that negative stimuli are more likely to be classified as old, 87, 88 independently of their actual accuracy, although the opposite effect (the tendency to classify them as new) has also been reported. 89 These findings suggest that some of the observed modulatory effects of emotion during memory performance in healthy individuals, as well as the corresponding abnormal patterns reported in psychiatric groups, may be attributed not only to differences in the formation or retrieval of true memories but also to a more subtle influence of emotion on the decision criteria the individual uses to classify an item as old or new. In a memory recognition paradigm, the tendency to judge items as previously seen, regardless of whether or not this was the case, can be dissociated from true memory success and operationalized in terms of the response bias. 90 Specifically, accuracy is measured by the rate of hits minus false alarms and false memories by the response bias, which denotes the tendency to incorrectly classify a new item as previously seen (corrected for overall accuracy). Critically, these 2 aspects of memory are largely independent. 90 We recently conducted a functional magnetic resonance imaging study in which we directly investigated the behavioural and neural correlates of response bias in recognition memory for emotional face stimuli in healthy volunteers. 91 We specifically chose sad and happy expressions because these are basic emotions that are encountered in everyday life and are easily decoded, even among clinical groups. 65, [92] [93] [94] Although it has been shown that emotion can enhance memory, our results indicated that it can also have a detrimental effect on memory performance. Indeed, participants showed poorer recognition performance for sad faces, compared with both happy and neutral expressions. Importantly, this decrease in memory performance for sad faces was due to a difference in response bias. Specifically, subjects were more likely to believe that they had previously seen a sad face, regardless of whether this was the case, resulting in a significant familiarity bias. In contrast, when compared with neutral faces, happy faces were associated with a novelty response bias without any significant differences in accuracy. In terms of neural correlates, we examined the relation between the behavioural novelty bias and the activity associated with the subjective new responses (missed and correct rejection) minus the subjective old ones (hits and false alarms), for both happy and sad expressions. The results showed significant activation in the right amygdala and dorsolateral prefrontal cortex during this task. The observed correlation of amygdala activity and novelty bias for emotional faces is consistent with the postulated role of this structure in the detection of emotional stimuli 95 and its rapid habituation to repeating occurrences of the same event. [96] [97] [98] Moreover, similar findings for the dorsolateral prefrontal cortex provide further support for the hypothesis that this region may be involved in novelty detection of stimuli that have a certain degree of familiarity (for example, a new arrangement of old stimuli). Indeed, to judge a face as new, subjects were required to ignore the feeling of familiarity elicited by the reoccurrence of sad or happy expressions. Analyses for similar correlations associated with the familiarity bias produced significant activation in the superior temporal gyrus. This is consistent with lesion and imaging studies demonstrating the role of the superior temporal gyrus in the recognition of familiar faces.
Given the well-documented impairments in memory and emotional processing associated with schizophrenia, and guided by our findings in healthy individuals, we decided to explore (using the same paradigm) whether individuals with schizophrenia would exhibit a similar modulation of the memory performance and response bias by facial expressions. As expected, schizophrenia patients showed an overall lower memory performance, compared with healthy subjects. Importantly, despite decreased memory accuracy for the schizophrenia group, the modulatory effect of expression on memory was similar for both groups, in that sad faces were remembered significantly less often than faces with happy or neutral expressions. Critically, as was the case in the control group, this effect of emotion on memory could be attributed to a significant familiarity bias associated with sad faces. Analyses also showed a trend toward a relation between happy faces and a novelty response bias; however, no significant differences in accuracy were observed when they were compared with the neutral face stimuli. This is particularly noteworthy because these results contrast with the notion that schizophrenia patients show impaired processing of affective information. 64 
Conclusion
We have reviewed recent evidence pertaining to the exploration of memory biases in schizophrenia. The need for further exploration of these biases in schizophrenia is motivated by several factors. As noted in several review papers 1, 3, 99 and in a recent large sample study, 100 there is little significant correlation between global measures of positive symptoms and performance on standardized memory measures. Negative symptoms have been more consistently associated with memory performance, 101 but this relation has not been firmly established. 102 Hence, the exploration of memory bias may provide a better understanding of the influence of positive and negative symptoms on cognitive functioning. Moreover, the development of episodic memory measures sensitive to specific positive or negative symptoms may lead to a better prediction of clinical or functional outcome.
This line of research also has the potential to change the general perceptions of researchers and clinicians toward neurocognitive deficits and, specifically, problems in episodic memory. Beyond the idea that schizophrenia can lead to significant memory problems, memory can be normal or even enhanced under specific conditions. A more comprehensive understanding of memory functions may inform the development of cognitive remediation strategies for schizophrenia.
Funding and Support
This review paper was supported by an operating grant from the Canadian Institutes of Health Research (#53280). Dr Lepage is supported by a salary award from the Fonds de la Recherche en Santé du Québec.
